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(57) An electrosurgical system including an elec- 
trode assembly havrig two electrodes for use vnmersed 
in an electricatly conductive fluid has a generEitor with 
control circuitry for rapidly reducing the delivered radio 
frequency output power by at least 50% within approoc- 
tmatety lOO^s, corresponding to the time needed for a 
tew cycles of the peak rado frequency output voltage to 
reach a pre determined threshold limit. In this way. tis- 
sue coagulation can t>e performed in. tor example, sa* 
lk)e without significant steam generation. 

The same peak voltage rtmitatkxi technique is used 



in a tissue vaporization or cutting mode to limit the size 
of the st^am pocket at the electrodes and to avoid elec- 
trode burning. 

The output power reduction is abtamed by 'on time 
control* (70) by producing a signal syr^chronous with the 
RF oscillator, thereby reducing progresseivety the *ccn- 
duction state* of the gate (80) which connects the power 
supply with the osciQatoi: Switch mode power supply 
(66) can itsetf vary its output voltage as a furKtkx) of 
signal (66) from the controller (72). the speed of varia- 
tion however wilt be much slower than the one produced 
by *ON' time control mechanism. 
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Description 

This invention relates to an electrosurgical genera- 
tor for delivering an electrosurgical current particularty 
but not exclusively in intracavitary endoscopic electro- 
surgery. The ffivention also relates to an electrosurgical 
system comprising the corrt>ination of a generator and 
an electrode assenrtbly. The term ■mtracavilary* is used 
in this speciflcalion to denote electrosurgery in which 
living tissue is treated by least invasive surgical access 
to a t>ody cavity. This nr«y involve 'undenvater electro- 
surgery", a term denoting that the surgery is performed 
using an electrosurgical instrument with a treatment 
electrode or electrodes immersed in Bquid at the oper- 
ation site. The Invention has particular application in the 
fields of urology, hysteroscopy and arthroscopy 

Intracavitary endoscopic electrosurgery is useful for 
treating tissue in anatomical or surgically created cavi- 
ties of the t>ody which can bo accessed by methocte an- 
volving minimal trauma to the patient, be this through a 
natural body passage or one created aftrficiafty. The 
cavity is distended to provide space for gaining access 
to the operation site to improve visualisation and to allow 
for manipulation of instruments. In low volume body cav- 
ities, particularly where it is desirable to distend the cav- 
ity under higher pressure, liquid rather than gas is more 
comnrxxity used due to t>etter opticat characteristics and 
because it washes blood away from the operative site. 
Conventionally, a non-«lectroiyte solution such as gly- 
cine is used as the fluid distension medium when elec- 
trosurgery is being used, glycine befrig electrically non- 
coriductrve. 

The ttmited surgical access encountered during 
tracavHary endoscopic procedures makes the removal 
of tissue pieces derived from a typical electrosurgical 
loop cutting electrode both difficult and time consuming. 
Vaporisation of tissue whereby the tissue is reduced to 
smoke and water vapour is a preferable technique in 
these situations, rather than the piecemeal removal of 
tissue. The procKtcts of va|)orfeatk>n may be removed 
fotowing dtssolutfoh within a lic^id rrigating mecfium. 

With regard lo underwater endoscopk: electrosur- 
gery, the applfeants have found that it is possible to use 
a conductive liquid medium such as normal saline in 
place of glycine. Nonmal saline is the preferred disterv 
sion medium in underwater endoscopic surgery when 
electrosurgery is ncrt contemplaled or a non-electrical 
tissue effect such as laser treatment is being used M- 
thou^ normal saline (0.9%wA^ 1 50mmoM) has an etec- 
trfcal conductivity sonrwwhat greater than that ol most 
body tissue, it has the advantage that displacement by 
absorption or extravasation from the operative site pro- 
duces little physiological effect and the soolled water 
intoxfcation effects of glycine are avoided. 

Effective electrosurgical treatment of tissue whk:h 
is totally imn^ersed in Hquid at the application site is dif- 
ficult to achieve because the heat generated by the flow 
of electricat currents in both tt>e tissue being Ueated and 



surrounding conductive liquid tends to cause boiling of 
the liquid The operalffig electrode is intermittently sur- 
reminded by water vapour rather than Bquid. with conse- 
quent large variatior^ in the electrical impedance of the 
5 bad presented to the generator supplying the electro- 
surgk:al power to the electrode. Whilst this variation is 
mitigated by use of a non-conductive Bqukl, (t cmnot be 
eliminated entirely due to the release of body fluids at 
the operative site which elevates the electrical conduct- 
10 ance of the liquid. Changes in tissue type also alter the 
load irr>pedance. These effects result tn difficulty in con- 
trolling the electrosurgical output to produce consistent 
effects on the tissue being treated As a result, high pow- 
ers are commonly employed to overcome this perform- 
is ance variation. 

According to a first aspect of this invention, an elec- 
trosurgical generator for supplying radio frequency pow- 
er to an electrical instrument, comprises a radio frequen- 
cy output stage having at least a pair of electrosur^cal 
20 output connections for the delivery of radk> frequency 
power to the mstrument, a power supply coupled to the 
output stage for supplying power to the output stage, 
and control circuitry indudir^g sensing means for deriv- 
ing a sensing signal representative of the radk) frequen- 
ts cy peak output voltage developed across the output 
connections, wherein the output stage comprises a res- 
onant output circuit coupled to the output connectfons 
arxJ a svwtching device coupled to the resonant output 
circuit, and wherein the conUol circuftry is operable to 
30 actuate the switching device to reduce the deBvered ra- 
dio f requer>cy power. The switching device is preferably 
connected between the resonant output circuit and one 
of a pair of supply rails of the power supply means, and 
connected so as to switch current repeatedly through 
3S the resonant output circuit at its resonant frequency. In 
order to cause a control overshoot, in terms of the de- 
gree to whfch the delivered power is reduced when the 
output voltage reaches, the predetermined threshcrfd, 
the control circuitry is so arranged and coupled lo tfie 
40 switching device that it is capable of reducing the "oh* 
time off the switching device during ind'ivkJual radio fre- 
quency switching cycles sufffciently rapkJIy to cause a 
50% reduction in delivered output power within 100 \ts 
of the predetermined threshoW having been reached. 
45 This alk>ws surgery to be performed in a conductive flukl 
fiekt, in particular in a salir>e solution, l-arge an6 rapid 
changes in k>ad impedstftce can occur substantially 
without causffig unwanted electrosurgical effects. For 
example, when it is desired to produce electrosurgfcal 
so desiccation, any irwrease n impedaruje due to vapori- 
sation of surrourxJing saJir^e in the region of an electrode 
of the irtstrument which might otherwise lead to unwant- 
ed arcir>g at the required power level for effective des- 
fccation can be largely prevented. When electrosurgfcal 
ss tissue cutting or tissue vaporisation is required, output 
vottage limitation can be used to prevent electrode burn- 
ing and^or excessive tissue vaporisation. 

The control circuitry may irwlixle a control line f eed- 
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ing a first power reductbr) control signal to the radio fre- 
querKy output stage. The output stage, which may be 
a racfo f requerK:y power oscillator, typically has as the 
osculating element a racfio frequency power device, and 
in the preferred eml)odiment, the control circuitry is ar- 
ranged such that at least a 50% reduction in output pow- 
er is brought about in a period of less than 20^5 after 
the output voRage reaches the predetermined threshold 
by reducing the period d conduction of the device during 
individual cycles ol the radio frequency output signal 
Such alteration in the period of conduction is advanta- 
geously achieved independently of any variation in sup- 
ply voltage to the radio frequency power device. In prac- 
tice, the reduction in output power is brought about using 
a single control variable, i.e. the peak output voltage or 
peak-to-peak output voltage, independently of supply 
voltage and independently ofthe delivered output power 
which varies accorcfir>g to the load impedance and the 
supply voltage. Thus, triggerrig of a power reducton oc- 
curs at the same preset output voltage threshoM but at 
different output power and load impedance values, ac- 
cording to circumstances. 

As an ac^nct to direct conUol of the radk) frequency 
output stage, the means for causing a redu<Aion in out- 
put power may include a further control fine whfch is cou- 
pled to the power supply means, the control circuitry be- 
ing arranged such that a second power reduction signal 
is fed to the power supply means to effect a reduction 
in the average power supply voRage supplied to the out- 
put stage. Typically, the rate of reduction of power due 
to lowering of the power supply voltage is comparatively 
slow, but the combination of two means of control can 
produce a larger range of available output power levels. 

Thus, accorcfing to a second aspect of the invention, 
there is provided an electrosurgfcal generator for sup- 
plying power to an electrosurgk:aI instrument, the gen- 
erator conrtprising a radk) f requefK^ output stage irx^lud- 
ing a radk> f requefKy power devfce and having at least 
a pair of olectrosurgical output connectkxis for delivery 
of radk) frequency power tothe kistrument, a power sup- 
ply coupled to the output stage, and control circuitry «- 
eluding sensing means for deriving a senskig signal rep- 
resentative of the kied impedance across the outpHit 
connections, the control drcuilry having a first output 
coupled to the power devce to reduce the radk> frequen- 
cy duty cycle thereof and a second output couplied to 
the power supply to effect a rec^kxi in the average 
power supply voltage suppfied to the output stage, the 
s&kS reductions occurring in response to the ser>sing sig- 
nal reaching a predetermined threshokJ value. 

In the case of the power supply means bebg a 
switched mode power supply having output smoothing 
components, the supply circuit may be arranged such 
that the second power reductkx) control s^al has the 
effect of disabling the supply circuit e.g. by gatir>g the 
pulsed output. Accordingly, a high-speed control re- 
sponse is obtained with the supply voltage falling rela- 
tively slowly after the initial step power reduction to en- 



able the radk) frequency duty cycle of the power devbe 
to be increased again, thereby altowing further high- 
speed power reductk)ns if necessary. 

The technk^ue of directly conUolfing the radk) f ro- 
5 quertcy output stage can be performed by repeatedly 
producing, firstly, a rapkJ reductkyi in the cycle-by-cycle 
conduction pertod of the power device from a peak level 
to a trough level when the output threshoW is reached, 
foltowed by, secondly, a progressive increase in the con- 
to <ftx:tk)n period until the conductkm period again reaches 
its peak level, the radk) frequency output voltage being 
monitored during the progressive inaease. This rapid 
reduction and progressive increase sequence may be 
repeated until the peak conductfon perkxJ level can be 
IS reached without the output voltage exceeding the output 
threshoW due to the supply voltage from the switched 
mode power supply having fallen sufTictentty since it was 
disabled. Re-enabling of the supply circuit typically oc- 
curs after a delay, and conveniently at the end of the first 
20 switched mode switching cycle in whfch the output volt- 
age has not reached the threshoW lor the whole of the 
switching cycle. 

The output stage preferably includes an output res- 
onant circuit having a Q whk:h is sutffciently high to re- 
2S move switchrig noise from the switching device or de- 
vfces of the stage without unduly stowing the response 
to the output voltage reaching the predetermined 
threshoW. Typk:ally. the Q is sufficient to achieve a crest 
factor bekw 1.5. the crest factor being the rafio of the 
30 peak and rm.s. values of the output voltage waveform. 
Other aspects erf the inventfon include a generator 
for underwater electrosurgery having an output imped- 
ance in the range of from 100 ohms to 250 ohms, and 
preferably between 1 30 and 1 90 ohms. Such a gener- 
is ator has its radk> frequency output stage operable to 
produce a CW (continuots wave) output, i.e. with a 
100% duty cycle or without on/off pulse width rrvxiula- 
tton at a frequency tower than the r.f . osctllatkx) frequen- 
cy. In effect, the output stage may operate as an open 
40 toop Stage vtfith a power/toad irnpedance characleristk: 
having a peak (preferably a single peak) at about 150 
to 1 60 ohms arW wfth the cunre decreasing continuously 
with decreasing impedance betow the peak and increas- 
ing irT^>edar)ce above the peak. 
45 The kwentton may also include an electrosurgtoal 
generator for supplying radto frequericy power to an 
electrosurgtoal inslnnnentfor operatton in an electrically 
conductive flu W medkim. the generator corr^rising a ra- 
dto frequency output stage having a radio frec^ency 
50 power devtoe and at least a pair of electrosurgtoal output 
corwecttons for the delivery of radto frequency power to 
electrodes, power supply means coupled to the output 
stage, and control circuitry indudtog sensing means for 
deriving a sensing sigrwl representative of the radto f ro- 
ss quency output voltage devetoped across the output con- 
necttons. and means responsive to the sensing si^l 
for causing a reductton in delivered output power when 
the ser^sing signal is Vklicative of a predetermined out- 
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put voltage threshold hav^g been reached, wherein the 
control circuitry is arrar^ged such that the reduction in 
output power is effected by reducing the period d con- 
duction of the device during ^dividual cycles of radio 
frequency oscillation, preferably independently of the 
supply voltage to the device. 

According to another aspect of the invention, an 
electfosurgical generator for supplyfer^Q electrosurgical 
power to an electrosurgical instrument comprises a ra* 
dio frequency output stage having at least a pair of elec- 
trosurgical output connections for the defivery ol radio 
frequency power to the instrunnenl. means coupled to 
the output stage for supplying power to the output stage, 
and control circuitry fficluding sensing means for deriv- 
ing a sensing si^l representative of the radio frequen- 
cy output voltage developed across the output connec- 
tions and means responsive to the sensing signal for 
causing at least a 50% reduction m delivered output 
power when the sensing signal is wxiicatrve o( a prede- 
termined output voltage threshold havrig been reached, 
the said reduction being effected within a period of 2Pps 
or less. 

The invention also includes an electrosurgical sys- 
tem includinga generator for generating radio frequency 
power and an electrosurgical instrument having at least 
one electrode for use immersed in a conductive liquid, 
wherein the generator comprises an output stage in- 
cludkig a radio frequency power device and at ieast a 
pair of output connections arranged to receive radio fre- 
quency power from the power device, one of the pair of 
connections being connected to the said electrode, and 
wherein the generator further comprises a control stage 
operable to reduce the conduction time of the power de- 
vice during Mividual radio frequency cycles k\ re- 
sponse to a sensing si^l (preferably the peak output 
voltage) representative of the load impedance present- 
ed to the generator across the output connections ex- 
ceeding a predetermined sensing si^t threshold val- 
ue, whereby the radio frequency power delivered to the 
electrode structure is rapidly reduced when the conduc- 
tive fiquid is vaporised. The electrode structure may in- 
clude a distal treatment electrode and a Squid contact 
electrode spaced proxinraily from tfie distal electrode, 
both electrodes being for use surrounded by the con- 
ductive liquid and each toeing connected to a respective 
one ol the pair of output conneclior^s the control stage 
being operable to reduce the reduction time of the power 
device when the conductive liquid at the distal electrode 
is vaporised. The electrosurgical instrument may pro- 
vide an electrode stnjcture having juxtaposed first and 
second electrodes for knmersion in the conductive fiq- 
uid. the first and second electrodes respectively forming 
a tissue contact electrode at an extreme distal end of 
the ristrument and a return electrode proximally spaced 
from the tissue contact electrode. 

According to yet arx^r aspect c< the invention, 
there is provided an electrosurgical system operable in 
at least a tissue desiccationmocfe and a tissue cutting 



or vaporisation mode comprising a generator for gener- 
ating radio frequency power and an electrosur^cal in- 
strument coupled to the generator, the Instrument hav- 
ing an electrode structure for operation inrmiersed in a 
5 conductive liquid, wherein the generator includes a 
mode selection control and has power control circuitry 
for automatically adjustwg the radio frequency power 
suppled to the electrode structure to Iknil the peak gen- 
erator output voltage to a first value when the desicca- 
10 tkm mode is selected and to at least one second value 
when the cutting or vaporfeatkan mode is selected, the 
second value or values being higher than the first value. 
The first and second values are advantageously in the 
ranges of from 150V to 200V. and from 250V to 600V 
IS respectively, these voltages being peak voltages. 

From a method aspect, the invention provkfes a 
method of operatbg an electrosurgfcal system having 
at least a tissue deskx»tk)n mode and a tissue cutting 
or vaporisatfon mode, the system having a radto fre- 
20 quency power generator coupled to an electrode as- 
sembly having an elecUode for operatfon in aconductive 
MquW. wherein the method comprises: selecting one of 
the said modes; when the deskxatkxi mode » selected, 
automatically adjusting the r^k> frequency power sup- 
2S pfied to the electrode assembly to mabtain the conduc- 
tive riquW adjacent the electrode at its boilkig pokit for 
tissue desfccaton without creating a vapour pocket sur- 
roundirig the electrode; and when the cutting or vapori- 
sation mode is selected. automatfcaBy adjusting the ra- 
30 dio frequency power supplied to the electrode to matn- 
tam a vapour pocket surrounding the electrode. In the 
cutting or vaporfeatkxi mode the rado frequency power 
supply to the electrode may be automatcally limited to 
prevent electrode overheating or erosion. The radk>fre- 
3S quency power supply to the electrode may be automat- 
fcally adjusted by limiting the output voltage topredeter- 
mined first and second voltage values, the first voltage 
vah^e being used in the deskx^atkxi mode arrd the sec- 
ond voftage value, whfch is hi^er than the first voltage 
40 vakie, being used in the cutting or vaporisatkx) nrxxfe. 
"The inventkjn also provktes a method of operating 
an electrosurgfcal system which has a generator cou- 
pled to an electrode assembly having an electrode lor 
operatfon in a conductive BqukJ, wherein the method 
4S comprises applyvig radio frequency power to the elec- 
trode, monitorirrg an electrical signal related to the toad 
'BTipedance presented to the generator, and reducing the 
applied power when the sakJ signal reaches a predeter- 
mined threshoW value associated with an increased 
so load impedance, whereby only sulffcient racfio f requerv 
cy power is applied to the electrode to maintain the fiqukJ 
adjacent the electrode at its boilkig point for tissue des- 
iccatton without creating a vapour pocket surrounding 
the electrode. 

55 The predetermined threshoW is advantageously 
representative of peak output voltage at the generator 
output connecttons, 

The hvention further provktes an electrosurgical 
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generator for supplymg power lo an etectrosurgical in- 
strument, the germratof comprising a radio frequency 
output stage having a radio frequency switching device 
arxJ a pair of electrosurgical output connections for de- 
livering power to the instrument, and control circuitry in- 
cluding sensing means for deriving and sensing signal 
representative of the radio frequency peak output volt- 
age developed across the output connections, wherein 
the control circuftiy has an output coupled to the switch- 
ing device and is operable to reduce the duty cycle of 
the switching device in resportse to the peak output volt- 
age reaching a predetermined threshold value thereby 
to reduce the power delivered to the irtstrumenl Prefer- 
ably the control circuitry is operable to effect a control 
overshoot in that the output power is reduced by at least 
50% within 1 0Ojis of the threshoW having been reached. 
The sensing signal is representative of peak output volt- 
age largely independently of the output waveform crest 
factor arxJ the control circuitry includes no elements 
(such as averagir^g circuitry) in the feedback \oop to the 
switching device which cause a signal delay of greater 
than lOC^is. 

The invention will now be descrit>ed by way of ex- 
ample v«lh reference to the drawings in whfch:- 

Figure 1 is a diagram showing an etectrosurgical 
system in accordance with the invention; 

Rgure 2 is a fragmentary view of a first electrode 
assembly for tissue desiccation, shown in use an6 
immersed in a conductive Dqukl; 

Figure 3 is a k>ad characteristic graph iHustratng the 
variatkxi in load impedance produced by an elec- 
trode assembly such as that shown in Figure 2 when 
used in a conductive lk)ukJ, according to the deliv- 
ered output power; 

Figure 4 is a fragmentary view of a second electrode 
assembly for tissue vaporssatk)n. shown in use im- 
mersed ^ a liquk^ 

Figure 5 is a bkx:k diagram of a generator in accord- 
ance with the irwention; 

Figure 6 is a block diagram o* part o* the control 
circuity o* the generator of Figure 5; 

Figure 7 is a waveform diayam showing a typical 
RF output voltage variation pattern obtained with 
the generator of Figures 5 to 7, the voltage being 
shown varying with lime according to variations in 
k>ad impedance and generator output stage supply 
voltage; 

Figure 8 is a circuit cfiagram of part of the generator 
of Figures 5 and 6; 
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Figure 9 is a graph showing the variation of output 
power produced tiy the generator as a furKtnn of 
the bad impedance presented to it by the elecUode 
assembly, the output power varmtkxi being shown 
in two operatkxi modes of the generator; and 

Figure 10 is a graph showing the variation of output 
power for generator as a function of load impedar^e 
after modifk^tkxi of the generator characteristics in 
response to output voltage sensing. 



Historically, underwater electrosurgery has been 
the nrK>st demanding etectrosurgical applicatkxi in terms 
of instalment engineering. The reason for thfe is that the 

IS etectrosurgk:al power requirement is very high, specifi- 
cally t>ecause it is necessary to create arcs for cutting 
and tissue disruptk)n in circumstances in which power 
IS dissipated quickly by the surrounding liquid. Cortse- 
quently. high currents are used to erasure vaporisatkxi 

20 of fiquki surrounding the electrode. Power levels up to 
300 watts are comrrxsnly used. Conventkmalty urtder- 
water electrosurgery is performed using a rK)rvcorKiuc- 
tfve ftukj or irrigant to eliminate eledrk^l corKfuction 
tosses. Glycine; which is commonly used, has the dis- 

2S advantage that in the course of an operatton. veir>s may 
become severed arKi irrigant may t>e infused into the 
circutatton. This at>sorptk)n causes among other things 
a dikition of serum sodium whk:h can lead to a oorKfition 
known as water intoxk:atk)n. 

30 Accordin^^ the applicants propose use of a corv 
ductrve tk)ukf medium such as normal saline, electro- 
surgery being performed with using a system compris- 
ing a generator and an Instrument, the instrument hav- 
ing a dual-electrode structure with the saline acting as 

3S a cor^ductor between the tissue t>eing treated arKJ one 
of the electrodes, hereinafter called the 'return elec- 
trode'. The other electrode is appUed directly to the tis- 
sue. This other electrode is hereinafter called the 'active 
electrode'. 

40 Such a system is shown in Figure 1. The generator 
lOhas an output socket lOSprorvtoingaradto frequency 
(RF) output for an instrument n the form of a handpiece 
1 2 via a connectton cord 1 4. Activatton of the generator 
may be performed from the handpiece 12 via a control 

^ conr>ect»nincord14orbymeansolafootcwilchunft 
16, as shown, connected separately to the rear of the 
generator 10 by a footswitchconnectksn cord 18. In the 
ittustrated embodimeni footswitch unit 16ha8twofoc4- 
svwlches 1 6 A and 1 6B for se lecl&ig a desiccaUon nrwde 

so and a VG^xyisatton mode of me generator respectively 
The generator front panel has push buttons 20 and 22 
for respectively setting desccatton and vaporisatton 
power levels, which are Mfeated in a cfisplay 24. Push 
buttons 26 are provkled as an alternative means for se- 

ss lection t>etweendestocatton and vaporisatton modes. 

Handpiece 12 mounts a detachable electrode as- 
sembly 28 having a dual electrode stnjcture. as shown 
*n the fragmentary view of Figure Z 



5 



9 



EP0 754 437 A2 



10 



Figure 2 is an enlarged view o* the distal end of elec- 
trode assembly 28. At its extreme distal end the asserrv 
biy has an active electrode 30 which, in this embodi- 
ment, is formed as a series of metal filaments connected 
to a central conductor 32. The filaments may be made 
of stainless steel Proximally of the active electrode 30 
and spaced from the latter by a longitudinally and radi- 
ally extending insulator 34 is a return electrode 36. The 
return electrode 36 is arranged coaxially around the »i- 
ner conductor 32 as a sleeve 38 which extends as a tu- 
bular shaft 40 to the proximal end of the assembly 28 
where it is connected in the handpiece 12to conductors 
in the connection cord 1 4. Similarty, the inner conductor 
32 extends to the handpiece and connected to a con- 
ductor in cord 14. The electrode assembly 28 has an 
insulating sheath 42 which covers shaft 40 and termi- 
nates proximally of the kisulator 34 to leave the distal 
end of shaft 40 exposed as the return elecUode 36. 

In operation as a desiccation instrument, the elec- 
trode assembly 28 is appBed as shown in Figure 2to the 
tissue 44 to be treated, the operation site being im- 
mersed in a normal saline (a.9%wA/) solution, here 
shown as a drop 46 c* liquid surrounding the distal end 
portion of the electrode assembly 28. The liquid immers- 
es both the active electrode 30 and the return electrode 
36. 

StiB referring again to Figure 2, the metallic fila- 
ments formrig the active electrode 30 are all electrically 
connected together and to the inner conductor 32 of the 
electrode asscrrrf>iy to form a unitary active electrode. 
I nsulator 34 is an insulating sleeve, the distal end portion 
of which is exposed proximally of the exposed part of 
the active electrode 30. Typically, this sleeve is made of 
a ceramic material to resist damage from arcing. The 
return etecUode termbates at a point short of the end of 
the insulator 36 so that it is both radially and axiaBy 
spaced from the active, or tissue contact, electrode 30. 
The surface area of the retum electrode is considerably 
greater than that of the active electrode 30. At the distal 
end of the electrode assembly, the diameter c< the retum 
electrode is typically in the region of from 1mm to Srrwn. 
with the longiludinal extent of the exposed part ct the 
retum electrode being typically between 1mm and 5mm 
with the longitudinal spacing from the active electrode 
being between 1mm and 5mm. 

In effect, the electrode assenribly is bipolar, with only 
one of the electrodes (30) actually extending to the distal 
end of the unit This means that the retum electrode, in 
normal circumstances, remains spaced from the tissue 
being treated and a current path exists between the two 
electrodes via the tissue orx* the conductive lic^id which 
is in contact with the retum electrode 36. 

The conductive fiquid 46 nr^ay be regarded, as far 
as the deSvery of bipolar electrosur^cal energy is con- 
cerned, as a low impedance extension of the tissue. Ra- 
dio frequency currents produced by the generator 10 
flow between the active electrode 30 andthe retum elec- 
trode 36 va the tissue 44 ar>d the mrvnershg conductive 



liquid 46. The particular electrode arrangement shown 
in Figure 2 is nrxjst suitable for tissue deskxation. 

The axial as well as radial separation between the 
electrodes avoids the small spacbig of the conventional 
5 Iwpolar arrangement in which both electrodes are tissue- 
contacting. As a result, there is less danger of unwanted 
arcing across the insulation surface, which allows com- 
paratively hi^ power dissipation for desiccation treat- 
ment, and, in the case of tissue cutting or vaporisation, 
10 prevents excessive arcing which can lead to interelec- 
Uode insulation damage. 

The immersing saline solution may be provided 
from a conduit (not shown) forming part d the instru- 
ment 12. Thus, the invention may take the form of an 
IS electrosurgical system for the treatment of tissue im- 
mersed in a conductive fluid mediura comprising an 
electrosurgical instmment having a handpiece and an 
instrument shaft, and. on the end of the shaft, an elec- 
trode assembly, the assembly comprising a tissue con- 
20 tact electrode which is exposed at the extrerTW distal end 
of the instrument. arKi a retum electrode which is elec- 
trically insulated from the tissue contact electrode and 
has a fluid contact surface spaced proximally from the 
exposed part of the tissue contact electrode, the system 
25 further comprising a radio frequency generator coupled 
to the electrode assenr^ly of the instrument, a resen«>ir 
of electrically conductive fluid, such as the normal saline 
soiutton, and a conduit, typically and integral part of an 
endoscope, for delivering the liquid from the resewoir to 
30 the region of the electrode assembly. Pressure tor de- 
Bvering the liquid may be provided by a pump fomiing 
part dt the apparatus. 

Smce in this embodiment of electrode assembly 28, 
the active elecUode 30 is made of stainless steel fila- 
35 ments in the form of a brush, the electrode "b flexible, 
providing a reproducible tissue effect which is con^- 
atively Hidependent of the aj^lication angle o* the elec- 
trode to the tissue surface. The flextoilHy of the electrode 
30 also results in a differential contact area d the active 
40 electrode dependent on the applied pressure, allowing 
variations m the breadth of desiccation over the surface 
of the tissue, reducing procedure time. 

Desiccation occurs by virtue of radio frecpjency cur- 
rents passing between the active electrode 30 and the 
45 conductive liquid 46 via the outer layer of the tissue 44 
sronediately beneath and in an area surroundlrig the ac- 
tive electrode 30. The output Impedance of the ger>era- 
tor IS set at a level corrwnensurate with the load imped- 
ance of the electrode assembly when used as shown 'm 
so Figure 2 with both electrodes in contact with the corv 
ductive liquid 46. In order to sustain this matehed starte 
for tissue desiccation, the output power of the generator 
'» automatically controlled in a manner which will be de- 
scribed below so that vapour bubbles of significanl size 
55 are substantially prevented from appearing at the active 
electrode 30, thereby avoiding a consequent increase 
in load impedance. In this way. the active electrode can 
be continually wened by the concfajctive liquid so that. 
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whilst the tissue water is removed by thermal desicca- 
tion» the knpedance reaches an upper Rmit corresporxJ- 
tng to the point at which the conductive liquid starts to 
boil. As a result, the system b able to deliver high power 
levels lor desiccation without unwanted conductive liq- 
uid vaporisation leading to unwanted tissue effects. 

The electrical behaviour of the electrode assembly 
when the electrodes 30 and 36 are immersed *n the con- 
ductive liquid 46 is now corisidered with reference to the 
graph of Figure 3. 

When power is first appfied. there is presented to 
the generator an initial load impedance r which is gov- 
emed by the geometry of the elecUode and the electrical 
conductivity of the conductive liquid. The value of r 
changes when the active electrode touches the tissue. 
The hi^er the value of r. the greater is the propensity 
of the conductive liquid to vaporise. As power is dissi- 
pated in the tissue and the conductive liquid, the con- 
ductive liquid rrK:reases h temperature. In the case of 
normal saline, the temperature coetfident of cornJuctiv- 
ity is positive arxJ the corresponding impedance coeffi- 
cient is therefore negative so mat the impedance initially 
tails. Thus, the cuwe in Figure 3 indicates a faB in load 
impedance as the delivered power is increased, the im- 
pedance falling through point A to a minffnum at point 
B, at which point saline in inwnediate contact with the 
electrode reaches boiling point. Small vapour bubbles 
now form on the surface of the active electrode and the 
impedance starts to rise as shown by the cun^e rising 
from point B to point C. Thus, once the boiling point has 
been reached, the arrangenDent <fisplays a dominant 
positive power coefficient of impedance. 

As the vapour bubbles form, there is an increase in 
the power density at the remaining active elecUode to 
safbie interface (the exposed area of the active elec- 
trode r>ot covered by vapour bubbles) which further 
stresses the interface, producing more vapour bubbles 
and thus even higher power density. This is a rnnaway 
condition, with an equia>rium pokit only occurring orKe 
the electrode is completely enveloped in vapour. Thus, 
for a given set of variables, there is a power threshold 
corresponding to point C at which this new ec^ittbrium 
is reached. 

In the Ught of the foregoing, it will be appredated 
that the region between points B and C in Figure 3 rep- 
resents the upper limit of desiccation power which can 
be achieved. 

Upon formation of an electrode-enveloping vapour 
pocket, the impedance elevates to about 1 kQ. as shown 
by poffit D in Tigure 3. the actual impedance value de- 
pending on a number of system variables. The vapour 
is then sustained by discharges across the pocket be- 
tween the active electrode and the vapour/saTme inter- 
face. 

This state of affairs is illustrated by the diagram of 
Figure 4 which shows an alternative electrode assembly 
28A having a hemispherical or baB electrode 30A in 
place of the brush electrode 30 of the embodiment of 



Figure 2. As before, the retum electrode 36A is proxi- 
malV spaced from the active electrode 30A by an inter- 
vening insulator 34A. The baB electrode is preferred for 
tissue vaporisation. 
5 Once in the vaporisation equilibrium state, the va- 
pour pocket, shown by the reference 50 in Figure 4, is 
sustained by discharges 52 across the vapour pocket 
between the active electrode 30A and the vapour to sa- 
l^e interface. The majority of power dissipation occurs 
10 within this pocket with corwequent heating of the active 
electrode. The amount of energy dissipation in this con- 
ductkxi is a furwitton of the delivered power. It will be 
noted from Figure 3 that the vaporisation mode, indicat- 
ed by the dotted boundary lines, can be sustained at 
»5 nnich lower power levels than are required to bring 
about formatkxi of the vapour pocket The impedance/ 
power characteristic consequently displays hysteresis. 
Once the vaporisation nrKxJe has been established, it 
can be maintained over a comparatively vwde range of 
^ power levels, as shovm by the Inclined part of the char- 
acteristk; extending on both sides of point 0. Howwer, 
increasir>g the delivered output power beyond that rep- 
resented by point D causes a rapki rise in electrode tem- 
perature, potentially danr^aging the electrode. To col- 
2S lapse the vapour pocket and to return to desiccatkx) 
mode requires a stgniftcant power reductk>n back to 
point A, direct contact between the active electrode and 
the saline being reestablished and the impedartce f aUing 
dramatk:ally. The power density at the active electrode 
30. also falls so that the temperature of the saline now falls 
bek>w boiling point and the electrode is then once again 
h a stable desiccation equilibrium. 

The generator to be described hereinafter has the 
abBity to sustain both the desiccatkx) mode and the va- 
3S porisatk)n mode. Whilst in general the electrode assem- 
blies iBustrated in Figures 2 and 4 can be used in either 
mode, the brush electrode of Figure 2 is preferred for 
deskx:ation due to its wide potential area of coverage, 
and the ball electrode of Figure 4 is preferred for vapor- 
^ isation due to its small active electrode/return electrode 
surface area ratio. As can be seen from Figure 4. tissue 
vaporisatnn occurs when the vapour pocket 50 inter- 
sects the tissue surface, with the electrode assembly 
preferably being heki spaced atx>ve the tissue surface 
45 by a small distarKe (typically 1 mm to 5mm). 

The runaway conditkxi whk:h occurs when the de- 
Bvered power reaches the level shown by point C in F ig- 
ure 3 is exacerbated if the generator has a significant 
output impedartce. because the output voltage can then 
so suddenly rise. With increased power dissipation and 
without the preserice of the cooling tiquki around the ac- 
tive electrode 30, the electrode temperature rises rap- 
idly with consequent damage to the electrode. This also 
produces urKontrollable tissue disruption m place of the 
ss required desiccation. For this reason, the preferred gerv 
erator has sa\ output source impedance whfch. approx- 
innately at least matches the load inr>pedance of the elec- 
. trode stnk:ture wt>en wetted. 
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The preferred generator now to be described allows 
both desiccation electrosurgery si^tantisilty without 
unwanted ceH disruption, and electrosurgical cutting or 
vaporisation substantially without electrode burning. Al- 
though intended prin^rily tor operation in a conductive 
liquid distension medium, rt has application in other elec- 
trosurgical procedures, e.g. m the presence of a gase- 
ous distension medium, or wherever rapid load smped- 
ance changes can occur. 

Referring to Rgure 5. the generator comprises a ra- 
dio frequency (RF) power oscillator 60 having a pair of 
output connections 60C for couplnrig via output terminals 
52 to the load impedance 64 represented by the elec- 
trode assembly when in use. Power is supplied to the 
oscillator 60 by a switched mode power suppfy 66. 

In the preferred embodiment, the RF osciBator 60 
operates at about 400 KHz. with any frequency from 300 
kHz upwards into the HF range being feasible. The 
switched mode power supply typically operates at a fre- 
quency in the range of from 25 to 50 kHz. Coupled 
across the output connections 60C is a voltage thresh- 
oW detector 68 having a first output 68A coupled to the 
switched mode power supply 16 and a second output 
68B coupled to an "on" trnne control circuit 70. A micro- 
processor controller 72 coupled to the operator controls 
and display (shown 'v\ Figure 1). is connected to a con- 
trol iriput 66A dt the power supply 66 for adjusting the 
generator output power by supply voltage variatkxi and 
to a threshold-set input 68C of the voltage threshold de- 
tector 68 for setting peak RF output voftaga limits. 

* In operation, the mfcroprocessor controller 72 caus-. 
es power to be applied to the switched mode power sup- 
ply 66 when electrosurgical power is demanded by the 
surgeon operating an activation switch arrangement 
whch may be provided on a hanc^>iece or footswitch 
(see Figure 1). A constant output voltage threshoW is 
set independently of the supply votlage via mput 68C 
according to control settings on the front panel of the 
generator (see Figure 1). Typically, fordeskxartionorco- 
agulatfon the threshoW is set at a destecatfon threshoW 
value between 150 volts and 200 volts. When a cutting 
or vaporisatton output is required, the threshoW is set to 
a value in the range of from 250 or 300 volts to 600 volts. 
These voltage values are peak values. Their being peak 
values means that for desiccatkx> at least it is preferable 
to have an output RF waveform of tow crest factor to 
give maximum power before the voltage is clamped at 
the values given. Typically a crest factor of 1.5 or less 
is achieved. 

When the generator is first activated, the status of 
the control input 601 of the RF osciHator 60 (which is con- 
nected to the "on* time control circuit 70) is "on*, such 
that the power swftching device which forms the oscJI- 
latfeig element of the oscillator 60 is switched on for a 
maximum conduction period during each osctltatkan cy- 
cle. The power defivered to the toad 64 depends partly 
on the suppfy vottage.applied to the RF oscillator 60 from 
the switched mode power supply 66 and partly on the 



toad impedance 64. If the supply voltage is sufficiently 
high, the terr^rature of the liquid medium surrounding 
the electrodes of the electrosurgical ristrument (or with- 
in a gaseous medium, the temperature of Tiquids con- 
s tained within the tissue) may rise to such an extent that 
the Ik^ukJ medium vaporises, leading to a rapkJ increase 
in toad impedance and a consequent rapto increase in 
the applied output voltage across terminals 12. This is 
an undesirable state of affairs if a desiccatton output is 
10 required. For this reason, the voltage threshold for a 
desfccatton output is set to cause trigger sisals to be 
sent to the "on" time control circuit 70 and to the 
switched mode power supply 66 when the threshoW is 
reached. The "on" time control circuit 70 has the effect 
IS of virtually instantaneously reducing the 'on" time of the 
RF oscillator switching device. Simultaneously, the 
switched mode power supp V is disabled so that the volt- 
age supplied to oscillator 60 begins to fall. 

Subsequent control of the *onr time of indivtoual cy- 
20 cles of the oscillator 60 will be imderstood by conskJer- 
tng the rntemal configuration of the "on* time control cir- 
cui 70 which is shown in Figure 6. The circuit comprises 
an RF sawtooth generator 74 (synchronised at the RF 
oscHlation frequency by a synchronisatton signal de- 
2S rived from the oscillator and applied to a synchronisation 
input 741). and a ramp generator 76 whch is reset by a 
reset pulse from the output 68B of the voltage threshoW 
detector 68 (see Figure 5) produced when the set 
threshoW voltage is reached. This reset pulse is the trig- 
30 ger signal referred to above. The "on" tBfne control circuit 
70 further comprises a comparator 78 for centring the 
sawtooth and ramp voltages produced by the sawtooth 
and ramp generators 74 and 76 to yieW a square wave 
conUol signal for applicatton to the input 601 of the RF 
35 oscillator 60. As shown by the waveform dtogranrw in 
Figure 6. the nature of the sawtooth and ramp wave- 
forms is such that the mark-to-space ratto of the square 
wave si^ applied to the oscillator 60 progressrvely in- 
creases after each reset pulse. As a result, after a vir- 
40 tuaBy instantaneous reductk)n in "on* tfrne on detectton 
of the output voltage reaching the set voltage threshoW, 
the 'on" tmne of the RF oscHlator is progressively in- 
creased back to the original maximum value. This cycle 
is repeated until the supply voltage tor the oscillator from 
45 power supply 66 (Figure 5) has reduced to a level at 
which the oscillator can operate with the maxknum con- 
ductton pertod without the output voltage breaching the 
set voltage threshoW as sensed by the detector 68. 
The output voltage of the generator is important to 
so the mode of operatton. In fact, the output nDodes are de- 
fined purely by output voltage, speciftoalty the peak out- 
put voltage. The absolute measure of output voltage is 
only necessary for muttiple term control. However, a 
simple single term control fie. using one control varia^ 
ss ble) can be used in this generator in order to confirm the 
output voltage to predeterriMned limit voltages. Thus, the 
voltage threshoW detector 66 shown in Figure 5 com- 
pares the RF peak output voltage with a preset DC 
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threshold level, and has a sufficiently fast response time 
to produce a reset putse for the 'on* time control circuit 
70 within one RF hall cycle. 

Before considering the operation of the generator 
further, it is appropriate to refer t>ack to the impedance/ 
power characteristic of Figure 3. It win be appreciated 
that the most critical control threshold is that applicable 
during desiccation. Since vapour bubbles forming at the 
active electrode are non-conduclkig. the saline remain- 
ing in contact with the electrode has a higher power den- 
sity &n6 consequently an even greater propensity to 
form vapour. This degree of instability brings about a 
transition to a vaporisation mode with the same power 
level due to the runaway increase in power der)sity at 
the active electrode. As a result, the knpedartce local to 
the active electrode rises. Maximum absort)ed power 
coincides with the electrode condition existing immedi- 
ately before formation of vapour bubbles, stnce this co- 
incides with maximum power distribution and the great- 
est wetted electrode area It is therefore desirable that 
the electrode remairw in its wetted state lor the maxi- 
mum desiccation power. Use of voltage Iknil detection 
brings about a power reduction which allows the vapour 
bubbles to collapse which in turn increases the ability of 
the active electrode to absorb power. For this reason, 
the generator descrft>ed k\ this specification includes a 
control loop having a large overshoot, in that the feed- 
back stimulus of the peak voltage reaching the prede- 
fined threshokt caiises a targe instantaneous reductksn 
in power by causing a reductkx) in peak output voltage 
to a level significantly bek>w the peak output.voltage lev- 
el set by the threshoki detector 68. This control over- 
shoot ensures a return to the required wetted state. 

In the ger>erator descrit)ed above with reference to 
Figures 5 and 6. power reductbn in response to voltage 
threshoU detection takes place d) two ways:- 

(a) an instantaneous reductkxi in RF energy sup- 
plied to the resonant output circuit of the osciBator. 
and 

(b) a shut down of DC power to the oscillator for one 
or nrKxe complete cycles of the switched mode pow- 
er supply (Le. typk^lly for a minimum period of 20 
to 40 ^s). 

In the preferred embodiment, the kistantaneous 
power reduction is t>y at least three quarters of available 
power (or at least half voltage) from the IDC power sup- 
ply, but continuous voltage threshokl f eedt>ack continu- 
ally causes a reduction h delivered power from the DC 
power supply. Thus, a high speed response is obtairwd 
in the RF stage itself, with the DC supply voltage track- 
ing the reductkx) to enable the RF stage to return to a 
full duty cycle or mark-to-space ratio, thereby enabling 
further rapkj power reductkxis when the voltage thresh- 
old is aga^ breached. 

The effect of this process on the RF output voltage 



is shovm in the waveform diagram of Figure 7, contain- 
tng traces representative of the output voltage, the os- 
cillator supply voltage. ar>d the k>ad impedance during 
a typcal desccation episode over a tms perkxj. Starting 

^ on the leftharxj side of the diagram with the supply volt- 
age approximately constant, the output voltage increas- 
es with increasing k>ad impedance to a point at which 
the output voltage threshoM is reached, whereupon the 
above-described instantaneous reductkxi in oscillator 

ro "on* time occurs. This produces a rapkJ decrease in the 
RF output voltage, as shown, toUowed by a progressive 
Increase, again as descrft>ed above. When the output 
voltage reaches the threshoki voltage, the voltage 
threshold detector 68 (shown in Figure 5) also disables 

r5 the power supply, leading to a gradual decrease in the 
supply voltage. As a result, when the 'on* time erf the 
oscillator device has once again reached Hs maximum 
value, illustrated by pcmX a in Figure 7. the threshoM 
voltage has noK been reached. However, the toad im- 

20 pedance begins rising again, causing a further, albeit 
stower, increase in the output voltage until, once agaki, 
the threshoM voltage is reached (point b). Once more, 
the *on* time of the osciBator is instantly reduced arxi 
then progressively increased, so that the output voltage 

2s waveform repeats its prevxMJs pattern. Yet again, the 
threshoki voltage is reached, again the output voltage 
is instantly reduced (at point d^, and again the 'on' time 
is allowed to increase. On this occaskxi, however, due 
to the supply voltage having further reduced (the power 

30 supply still being disabled), the output voltage does not 
. reach the threshoki level (at point d) until a cor^iderabty 
tonger time perkxl has elapsed. IrKieed, the length of 
the perkxi is such that the output voltage has failed to 
reach the threshoki voltage over a complete switching 

3S cycle of the power supply, so that it has in the meantime 
been enabled (at pokvt ey 

During this pertod the power supplied to the elec- 
trode has been suffk»ent to further increase the toad im- 
pedance. The erratto impedance behavtour is typical of 

40 the commencement ofvapourformatton. Consequently, 
when the threshold voltage Is next reached (at point ©), 
several successive cycles of 'on* time reduction and 
crease occurring one after the other are required (see 
0 combined with a further disabling (see g) of the power 

^ supply in order to maintaki the voltage betow the thresh- 
oki. 

It wPI be seen. then, that the control circuitry 70, 72 
(Figure 5) operates dyr)amk:ally to control the output 
voltage both sufficiently rapidly and to a sufTic'tent de- 

so gree to mabitain the voltage at a level consistent with, 
in this case, the level required for deskx^tton without 
tissue disruption due to arcmg. The same technk^ue can 
be used with a different threshoU voltage to limit the out- 
put voltage to preverrt electrode burning andfor exces- 

ss sfve tissue vaporisatton. In the latter case, the voltage 
emit nnay be set to a level between 250 volts (preferably 
300 volts) and 600 votts. 

Due to the high power density at the active elec- 
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trode during the vaporisation mode, the great majority 
of delivered power is dissipated in the proximity o< the 
electrode. In the vaporisation mode, it is desirable that 
a minimum ol saRne heating occurs, but that any tissue 
which encroaches the vapour boundary erf the active 
electrode is vaporised. In the vaporisatkxi mode, the va- 
pour is sustained by arcs within the vapour pocket as 
descn^bed above with reference to Figure 4. Increasing 
the output voltage during vaporisation results tn in- 
creased volume of tissue removal due to the increased 
size of the vapour pocttet. Collapse of the vapour pocket 
during tissue vaporisaton has greater consequence, 
due to the increased necrosis as a result of the greater 
power dissipation m the surrounding saline, \fepour 
pocket collapse can be prevented by, firstly, arrar>ging 
lor the electrode impedance m vaporisatk)n mode to be 
such that the bstrunrwnt is in an unmatched condition 
as regards impedance, with result that the resonant out- 
put circuit Q is high and the output voltage does not 
change so rapidly as with tower toad impedances and, 
secondly, the active electrode has a significant heat ca- 
pacity that sustains the vapour pocket tor a significant 
period. 

An unwanted Br>creased in the size of the vapour 
pocket can be prevented by limiting the peak output volt- 
age during the vaporisatton mode, whtoh may be con- 
veniently carried out by sul>stituting a different threshokj 
value for the voltage threshoW detector 68 (see Figure 
5) when « the vaporisation mode. 

The circuitry of the RF oscillator GO, voltage thresh- 
oW detector 68, and "on* time control circuit 70 (shown 
in Figure 5) in the preferred generator in accordance 
with the invention is shown ffi Figure 8. 

Referring now to Figure 8, the RF oscillator com- 
prises a IGBT {insulated gate b^)olar transistor) 80 act- 
ing as an RF switching device.whfch pumps energy mto 
a parallel resonant circuit comprising the primary wind- 
ing 82P of transformer 82 and a parallel-corwected res- 
onating capacitor 84. RF power is supplied from the 
transformer secortdary winding 82S via isolating capac- 
itors 86. 88 to RF output tem^inals 62. Power for the os- 
cillator transistor 80 is suppBed on a high voltage supply 
line 90 whk*> is connected to the output of the swftched 
mode power supply 66 (shown m Figure 5). Supply Bne 
90 is decoupled by capacitor 92. 

The oscillator feedback toop runs from the resonant 
primary winding 82P (on the opposHe skJe of the winding 
from the supply line 90) via a phase shift network com- 
prising capacitor 94, resistor 96, arwJ clamping dtodes 
98, 100, ar>d via a fieW effect transistor (FET) 104. the 
voltage controlled monostat>le represented by compa- 
rator 78 and associated compor^ents, arwJ the driver 
108. whfch Is connected to the gate ol transistor 80. 

The voltage on that side of the primary winding 82P 
whfch is coupled to transistor 80 is substantially sinusoi- 
dal and alternates at alrequency defined by the parallel 
resonant combtnatton of the winding inductance and ca- 
pacitor 84. Typfcally the voltage swing is greater than 
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twice the supply voltage on supply line 90. falling betow 
ground voltage in negative half-cycles. 

The phase-shift networi( 94, 96, 98, 100 provkles a 
positive-going square wave whtoh is 90" phase-ad- 
s vanced with respect to the pr»nary voltage. Thus, FET 
1 04 is tumed on approximately when the voltage on pri- 
mary winding 82P has just reached Its minimum value, 
and off when it has just reached its maxknum value. 
When FET 104 is tumed on a timing capacitor is rapkJIy 
10 discharged and the output of comparator 78 is tumed 
off. The driver 108 is non-inverting and consequently 
transistor 80 is also tumed off at this point. It foltows that 
the transistor •off point is repiaatable and has a constant 
phase relationship with respect to the primary voltage 
IS by virtue 6t the feedback path described above. The tog- 
to of the feectt>ack path is also such that the feedback 
signal fed to the gate cormectkxi of transistor 80 has a 
logic level of * when the primary voltage is decreasing 
(and the potential difference across the primary winding 
20 82P IS MTKireasing). The "off' poht occurs substantially 
at a primary voltage peak. i.e. when the primary voltage 
is at its minimum value in the present case. 

Unlike the "ofi" powit. the "on* point of transistor 80 
is variable as wilfnow be described. The instant at which 
2S the togfe level at the output of comparator 78 and on the 
base of devtoe 80 changes to '1 ' depends on the refer- 
ence voltage applied to the inverting input 781 of com- 
parator 78. As a result, the delay between devtoe 80 
switching off and switching on is determined by thte 
30. comparison of voltage applied to input 781 of comparator 
78. In other words, an 'on' signal to devtoe 80 is delayed 
with respect to switching off by a period which in ac- 
cordance with the reference voltage on the kiverting m- 
put This reference voltage is dependent on the voltage 
35 appearrig across resistor 112 whtoh is partof a potential 
divider consisttog alsoof resistor 114and potentiometer 
116. Potenttometer 116 sets the minimum switching on 
delay. corresporxJtog to the maximum duty cycle of trarv 
sistor 80. The voltage appearing across resistor 112 is 
40 variable and represents the control rar>ge d "on* tin>e 
ac^uslmenl between 25% of the maximum duty cyde 
and 100%. Tinmig capacitor 110 Is charged by variable 
V resistor 118 (preset for an appropriate tme constant) 
from a tow voltage supply line 120. 
45 Comparing Figure 8 with Figure 6, it will be appre- 
ciated that the voltage on the non-inverting input 78N of 
comparator 78 has a sawtooth waveform as shown to 
Figure 6, the waveform being produced by the repeated 
triggerir>g of FET 1 04 and dischargtog of capacitor 110, 
so each discharging being followed by charging of a capac- 
itor through resistor 118. 

The voltage across resistor 1 1 2 is normally at a min- 
ffnum value, and is increased when the RF output volt- 
age from the generator reaches a predetermtoed peak 
55 threshoW value. The circuitry whfch brings about this ef- 
fect wilt now be deserved. 

Output voltage detectton is provtoed by a peak volt- 
age detector coupled across the output temMnais of the 
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generator. Hie detector fficludes a capacittve dhnder 
Cham 122, 1 24 cormected across the RF output, the tap 
between the capacitors feeding the prtmary winding of 
an isolat'mg transformer 126. Resistors 128 artd 130 
connected across the primary and secondary windings 
of transformer 126 respectively provide damping to 
avoid unwanted resonances and to fitter hi^ frequency 
components which may occur during arcing at the active 
electrode. The resulting sensing voltage appearvig at 
the secondary winding of transfonmer 126 is then fed to 
two comparators 1 32 and 1 34. At this point, it should be 
appreciated that only the sense voltage half cycles of 
one polarity (in this case the positive-going half cycles) 
are used for peak output voltage threshold detection. 

Each comparator 1 32, 1 34 has two inputs, one cor>- 
nected to the transformer 1 26 to receive the sense volt- 
age, and one connected to a respective reference voll- 
age input 1 36, 1 38 (labelled CLAMP and BOOST in Rg- 
ure 8). Reference voltages applied to these inputs 136, 
138 are computer generated set voltage thresholds for 
the desiccate ar>d vaporisation modes respectfvety. Se- 
lection of the operating mode is brought about by a con- 
trol signal (DES/VAP) appTied to control input 140, and 
the logic chain comprishg gates 142, 144, 146,and148.: 
Desiccation mode is set by logic level "l' at input 140. 
In vaporisation mode, logic level *0* on this input effec- 
tively disables the output of comparator 132 via NOR 
gate 144. the output threshold detection then being fed 
through NOR gate 146. It will therefore be appreciated 
that the CLAMP voltage applied to input 1 36 is the ref-r 
erence voltage setting the threshold value for; the peak 
output voltage during desiccation, while the BOOST 
voltage applied to input 1 38 sets the threshold value of 
the peak output voltage in the vaporisation mode. 

When the output voltage reaches the set threshold 
value (i.e. a ^limit' voltage), transistor 150 is switched 
on. This transistor is capable of chargmg capacitor 152 
from 1 .5V to 4V in a period of 50r^. The base charge of 
transistor 1 50 is sufficient to enlarge very narrow pulses 
from the voltage detection circuitry and therefore en- 
sures that capacitor 152 attains maximum voltage for 
only margtnly detected Bmit voltages at the RF output 
Since the control signal applied to the base of transistor 
150 not averaged over a plurality of cycles, the tran- 
sistor switches on and off during every cycle of osciBa- 
tKm of the radio frequer>cy oscillator occurring when the 
peak output voltage threshoU is exceeded. Conse- 
quently, the output voltage is rrxxiitored and controtted 
on a cycle-by-cycle basis. The furK:tion of capacitor 152 
is to provkJe progressively lower reference vottages for 
comparator 78 after a limit voltage detection. Thus, the 
voltage on the emitter of transistor 150 has a wav^orm 
as shown at the output of the ramp generator 76 in Fig- 
ure 6. In this way, the turn-on instant of device 80 is in- 
stantly retarded when the RF output voltage reaches the 
preset threshoM value, and is subsequently progres- 
sively advanced as the voliage across resistor 112 6k>w- 
ly decreases. The discharge rate of capacitor 152 is de- 



termined by the parafiel combir^tk)n of resistor 112 in 
paraDel with resistor 114 plus resistor 116. 

Switching er>ergy provkied by transistor 80 is con- 
verted by a series inductor 1 54P into a current drive into 
5 the resonant primary wirMJing 82P. The acVion of series 
ir>ductor 154P smoothes energy Injection into the reso- 
nant output circuit represented by wirKfIng 82P and ca- 
pacitor 84 arxJ prevents excessive riitial current through 
transistor 80, and excessive swinging of the voltage in- 
fo put to winding 82P atX3ve the voltage on supply line 90. 
Under f uD power corxfrtfons, the initial switch-on of 
transistor 80 occurs at an initial resortant voltage maxi- 
mum across the resonant circuit. This creates a switch- 
on current zero as the inductor 154P is completely de- 
'5 pleted of energy after each cycle. Current in this irtductor 
rapkjiy buikJs up until a point is reached at which the 
voltage on wiruJing 82P becomes negative. The inductor 
154P then releases its energy into this reverse t>ias. The 
current zero at switdvoff is then guaranteed by a bk)ck- 
20 tng dkxle 156 whch prevents the return of energy from 
the resonant circuit to the inductor 154P. 

When the switch^ time of transistor 80 is reduced 
due to the output voltage reaching the predetermined 
. set threshold, the primary voltage amplitude across 
2S winding 82P decreases to the extent that the primary 
peak amplitude is less than the supply voltage. In par- 
ticular, the voltage minimum at the end of primary wtrKl- 
ing 82P coupled to transistor 80 no longer swings be- 
yond the ground voltage. Energy can now rK> tonger be 
30 released from inductor 1 54P back into the resonant cir- 
cuit A secondary path for stored energy in inductor 
154P is provkied by the fact that this inductor is the pri- 
mary winding of a transformer 154 which has a second 
winding 154S coupled via a dkxie 158 to the supply line 
ss 90. Reskf ual er^ergy stored m inductor 1 54P at switeh- 
off causes fonwaxd biasing df diode 158 throu^ whch 
the energy is recovered back into the supply This re- 
covery mechanism permits partial resortant primary am- 
plitude levels without damaging switching trar>sistor 80 
40 by uncoupled er^ergy creating excessive voltage. 

The relatkinship between *on* time of transistor 80 
ar>d switching energy depends on a number of variables 
such as the initial energy storage of the resonant circuit 
62P, 84, the \oadmg on the output termirials 62 (whch 
4S affects the Q of the resonant circuit), and the k>ading as 
it affects oscillatkx) f requericy. which alt affect the non- 
linear energy storing rate of indinrtor 154P. 

As has l>een descrbed above, detectkxi of the out- 
put voltage reaching a predetermined threshoW value 
so not only causes the duty cyde of the swftching transistor 
80 to be instantly reduced, but A also disables the 
switched mode power supply 66 (shown in Figure 5). 
This disabtirtg effect is produced by feeding a signal 
from the output of the k>gk: Cham 142 to 148 via a fitter 
ss 160 to renrwve RF transients to a DISABLE output 68A. 
whk:h is connected to the switched mode power supply 
66. 

The generator output impedar»ce is set to about 160 



11 



21 



EP0754 437A2 



22 



ohms. The effect of this choice will be evident Irom the 
foltowing description with reference to Figures 9 and 10 
vyhich are graphs showing the variation of output power 
which can be produced by the generator into different 
toad impedances. 

Referring to Figure 9» the power delivered to the 
load is here shown as a function ol ioad impedance for 
two different oscillator supply voltage settktgs. In both 
cases, it will be seen that, to the left of the power/imped- 
arw:e peak, an increase in load impedance leads to an 
iTKxrease in output power and, hence, an increase in out- 
put voltage. At higher impedances, to the right of the 
peaks, the voltage continues to increase. aft>eit less ag- 
gressively, as impedance increases. 

One of the features c< the preferred generator in ac- 
cordance with the invention is that the output stage op- 
erates as an open \oop oscillator with an output knped- 
ance (corresponding to the peaks in Figure 9) of about 
160 ohms. This is conskJerabty tower than the output 
impedance of conventional generators used for under- 
water electrosurgery, and contributes to the abilfty to 
prevent runaway arcing behaviour and consequent ex- 
cessive tissue damage and electrode bum-out. 

It shouki be understood that for desrccation, steam 
envelope generation at the electrode and arcing should 
be prevented. Conversely, for cutting or vaporisation, 
steam envelope generation and arcing are required, but 
to a level consistent with achieving the required tissue 
effect and the avokiance of electrode burrvout Operat- 
ing points for tow and hi^ power deskxatkxi and cutting 
or vaporisatton are shown in Figure 9. 

A feature of the combinatton of the generator in ac- 
cordar>ce with the inventton and an electrode assembly 
having two adjacent electrodes is that the output is vir- 
tually bistable. When operatffig in destocatton nxxJe, the 
entire electrode surface is »i contact with an electrically 
corxiuctive medium arxi therefore the toad impedance 
is comparatively tow, consequently inhtoiting the rise in 
outputvoltagetoatevelsufffcientfor arcing. Conversely, 
when in cutting or tissue vaporisatton nrwde, the entire 
active electrode surface is covered with a layer of va- 
pour which is of much higher impedance, and the vapour 
pocket is sustained by arcing within it so thal nearty ad 
of the power dissipatton occurs within the vapour enve- 
tope. In order to traverse from a desfccatton mode to the 
cutting mode, a high power burst is required, hence the 
posittoning ol the power>k>ad cun^e peak between the 
desiccatton and cutting operatton points on the curve. 
By altowing the output power to increase with imped- 
ance ki this way. a high power burst of sufftoient energy 
to create arctrtg is achieved despite the tow impedance 
presented by the electrodes. As the supply voltage to 
the oscillator is increased, it has a greater propens^ to 
flip »Uo the cut mode, whilst at tower supply voltage lev- 
els, the bistable nature of the output, althou^ more pro- 
nour)ced, tends towards the destocatkxi state. 

The bistable properties arise not orrfy Irom the elec- 
trode ifT^)edance behavfour. but also from the shape of 



the power/toad impedance curve. The flatter the toad 
curve, the more constant the output power across a 
band of tnpedances and the less pronounced the effect 
Referring to Figure 9. it will be appreciated that in 
5 the cut or tissue vaporisation mode, a power equiltorium 
por»t is achieved by virtue o( the decreasffig output pow- 
er as impedance increases. In the destocation mods, the 
equilibrium is less strai^tfonward, l>ecause there are 
two impedance change mechanisms. The first mecha- 
10 nism is the heating of the conductive medium and/or tis- 
sue which, due its positive coefficient ol conductivity, re- 
sults in a falling impedance initially, so that when power 
is first applied, the operating pewit moves towards the 
tefthand skJe ol the dia^m in Figure 9. Consequently, 
IS ttiere is a well-defined equilibrium point defined by the 
reductton ki irr^edance with fficreasing power supply 
voltage, and the consequent reduction in delivered out- 
put power. However, when the saline medium or tissue 
fluids in contact with the active electrode start to boil. 
20 small water vapour bubbles t>egin to form which in- 
crease the impedarice. When the generator is about to 
flip into the cutting mode, mnpedance rise due to steam 
formaVion is dominaat The impedance change there- 
fore becomes positive with increasing supply voltage, 
25 and the operating point moves towards the righthar>d 
side of the diagram, whtoh altows greater input power 
as a result of the shape ol the toad cun^e, causing a 
rapki change to cutting or vaporisatton nK>de. As steam 
formatton continues to increase, the increasing impcd- 
30 arrce causes a fall<rff in delivered output power. 

The appltoants have found that the inherent equi- 
libria descrft>ed above may be insufficient to maintam a 
stable coagulation stale or a stable cuttkig state. It is for 
this reason, that the RF output voltage from the RF os- 
35 cillator 60 (Rgure 5) is limited, the Ismiting occurring ex- 
tremely raptoly, typtoally with a response time ol 20^is 
or toss. Excessive radto frequency interference is avokJ- 
ed by linear variatton of the oscillator switching device 
"on" time In response to a f eec*)ack signal from the volt- 
40 age threshokJ detector. This technkiue is used in con- 
junctton with the W osdilator having a comparatively 
k>w output Q when matched to the toad, this Q being 
sufficient ta suppress switchmg noise without irK>rdi- 
nately damping the response to output voltage threshokJ 
45 detectton. 

By way of example, the effect of voltage threshoW 
control for a parttoular electrode configuration is shown 
in Figure 1 0. The heavy fines 200, 202 indicate the mod- 
ified power/k)ad impedance characteristics. For desic- 
50 cation, shown by line 200, the switched mode power 
supply fe set to produce a peak (matched) open loop 
output power of between 75 watts and 110 watts, with 
the actual peak power in this case being about 90 watts. 
For cuttng and vaporisatton (shown by line 202), the 
55 peak power can be between 1 20 watts and 175 watts. 
In this case it is about 150 watts. As examples, the volt- 
age threshoWs are set at 180 volts peak for desiccation 
and 300 volts peak for cutting, as illustrated by the hy- 
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p6fix>lic constant voltage tines 204 and 206 respective- 
ly. The powerrvnpedanca curves follow the respective 
constant voftage threshold lines to the right ol their in- 
tersection with the unmodified open loop curves 208 and 
210. Thus, it will be understood that the desiccation 
threshold lir>e represents the maximum voltage that can 
be achieved in the desiccation mode before arcing is 
produced, whilst the cut threshold line linmts the cutting 
or tissue vaporisation performance to achieve the de- 
sired tissue effect ar^, in the extrerrw. to avoid electrode 
bum-out The desiccation threshold One also represents 
a voltage insufficient to achieve ardhg for cutttr>g or va- 
porising tissue. 

A significant feature of the generator characteristic 
for etectrosurgical cutting or tissue vaporisation is that 
at peak power (matched impedance) the load imped- 
ance fies between the impedances corre8por>dr»g to the 
threshold voltages at that power level In contrast, ri the 
desiccation mode, the powerTload bnpedance charac- 
teristic has a power peak at £n impedarKe \^\ng bek>w 
the desiccation threshoU line at that power level 

In practice, the output power in the desiccation 
mode wat be higher than kt the cutting or tissue vapori- 
satkm mode. The reason for this statement (despite the 
apparent contradictk)n with the toadcurves in Figure 1 0) 
is that the equiiibrium points descrft>ed at>ove lie at dif- 
ferent points on the respective cunms. To ensure cut- 
ting, the high peak power of the higher curve is required 
to reach the cut threshokJ line (corresponding to 300 
volts peak). The cutting mocto then folksws the cuttertg 
or vaporisatkxi threshokJ line. The cutting operattfig 
point is defined by the toad impedartce created when a 
suitable level of arcing is occurring. Typk:alty, the k)ad 
impedance in these circumstances is greater than 1000 
ohms. Thus, although a full 1 50 watt peak power is avail- 
able lo erasure that v^>our pockets are formed to pro- 
mote arcing for cutting, the actual power drawn during 
cutting or tissue vaporlsatk)n for this partfeular electrode 
example may be between 30 watts artd 40 watts. This 
situation is more easily understood if reference is also 
made to Figure 3. 

In the desNxation nnode, the operating point is de- 
termined by the positive power coefficient of in^>ed^e 
arising from steam generatiort. Cortsequently, the equi- 
lft>rium riaturaBy occurs in the regk)n of the peak ol the 
ctestccation mode powei/toad impedarKe curve. 

Blerxied modes can be used ty constantly aftemal- 
ir^g between deskx:atk3n and cut states or by altering the 
position of the thresholds. 



Claims 

1 . An etectrosurgical generator for supplying radio f re- 
querKy power to an electrical instrument tie gen- 
erator comprising a racfio f requerKy output stage 
havmg at least a pair of electrosurgical output con- 
necttons for the detivefy of radk> f requerKy power 



to the instrument a power supply coupled to the 
output stage for supplyirig power to the output 
stage, and control circuitry ir>cludir>g sertsing means 
for deriving a sensffig sigr>al representative ol the 

s radio frequency peak output voltage developed 
across the output connectior^s, wherein the output 
stage comprises a resonant output circuit coupled 
to the output connectkxis ar>d a switching device 
coupled to the resor^t output cn^cuit, and wherein 

'0 the control circuitry is operable to actuate the 
switching devce to reduce the delivered radio fre- 
quer>cy power. 

2. A generator according to claim 1. wherein the 
switching device is connected between the reso- 
nanX output circuit and one of a pair of supply rails 
of tt>e power supply means, and conr>ected so as 
to switch current repeatedly through the resor^ant 
output circuit at its resonant frequency, and wherein 

^ the control circuitry is so arranged arxl coupled to 
the switching deonce as to reduce the *on* tme of 
the switching device durhg ff>divk)ual radk> fre- 
quency switching cycles sufficientty rapidly to cause 
a 50% reduction in delivered output power within 

^ 1 0Ops of the predetermined threshold having been 
reached. 

3. A generator according to claim 1 or claim 2, wherein 
the switchbg devce is a power oscillator device 

30 coupled to an osciOator feedback loop. 

4. A generator according to any of claims 1 to 3. 
wherein the control circuitry is arran^d to reduce 
the delivered rad io frequerxiy power by at least 50% 

35 ff) less than lOO^s in resportse to the output voltage 
reaching a predetermined threshoki. 

5. An electrosurgKal generator for supplying power to 
an electrosurgk^I mstriOTient the generator corn- 
ea prising a radb frequerKy output stage irKluc^g a 

racto frequency power devtee and having at least a 
pair of electrosurgk:al output cormectkxis for delv- 
ery of racfio frequency power to the irtstrument a 
power supply coupled to the output stage, and con- 
^ trot circuitry including sensing mearts for deriving a 
sensir>g signal representative of the ksad tmped- 
arx;e across the output connections, the control cir- 
cuitry having a first output coupled to the power de- 
vice to reduce the radk> frequency duty cycle there- 
of ofarKi a seccTKloutputooi^ledtothe power supply 
to effect a reductkxi in the average power supply 
voltage suppBed to the output stage, the said reduc- 
tkxts occurrtr>g in response to the sensing signal 
reachffig a predetermined threshokf value. 

55 

6. A generator according to daim 5, wherein the oor>- 
trol circuitry has means including a rarrtp ger>erator 
operable to cause a fkst corrtrol signal applied via 
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the first output to the power device bitiaHy to reduce 
the said duly cycle to cause at ieasta50%reductioo 
\n the power delivered via the output cormections 
and ther^ progressively to increase the duty cycle at 
a less rapid rate until the sensing sign^ once again 
reaches the ihreshcAJ value, and to cause a second 
control signal applied to the power supply via the 
second output to reduce the average power supply 
voltage for at least a minimum predetermined time 
intenralthe duration of which is several times great- 
er than the duration of a single power device duty 
cycle reduction and progressive increase se- 
quer^e. 

An electrosurgical system includfftg a generator for 
generating radio frequency power and an electro- 
surgical instniment having at least one electrode for 
use immersed in a conductive liquid. whereff» the 
generator comprises an output stage including a ra- 
dio frequency power device and at least a pair o( 
output connections arranged to receive radio fre- 
quency power from the power device, one ol me 
pair of connections being connected to the said 
electrode, and wherek) the generator further com- 
prises a control stage operable to reduce the con- 
duction time of the power device during individual 
radio frequency cycles in response to a sensing sig- 
nal representative of the peak output voltage across 
the output connections exceeding a predetermined 
sensing signal threshold value, whereby the radio 
frequency power defivered to the electrode stnic- 
ture is rapidly reduced when the conductive liquid 
is vaporised. 

a A system according to claim 7. wheren the elec- ^ 
tiode stnicture includes a projecting treatment elec- 
trode andatiquidcontactelectrodespacedfiom the 

treatmerrt electrode, both electrodes bemg for use 
surroundedbytheconductrvellquidandeachbeing 
connected to a rospeclivo one ol the pair of output 40 
connections, the control stage being operable to re- 
duce the conduction time of the power device when 

the conductive liquid at the ueatment electrode is 
vaporised thereby to cause the collapse of vapour 
bubbles at the ueatment electrode and a decrease 

in the electrical load impedance. 

9 A system according to clafrn B, wherein the elecUo- 
surgicalinstwment has an electrode stnicturehav- 
ma juxtaposed first and second electrodes form- so 
meision in a conductive liquid, the first and second 
electrodes respectively forming a tissue contact 
electrode at an extreme distal end of the mst niment 
and a return electrode proximally spaced from the ^ 

tissue contact electrode. 

10 A system accorcfing to claim 8 or claim 9. wherein 
the generator output stage includes a resonant cir- 



cuit coupled between the power device and the out- 
put connections, and hawig a resonant frequency 
conesponding to the frequency of operation of the 
generator. 

11 An electrosurgical system operable in at least a Tis- 
sue desiccation mode and a tissue cutting or vapor- 
isation mode comprising a generator for generating 
radio frequency power and an electrosurgical in- 
to suument coupled to the generator, the instmrnent 
havkig an electrode stnjcture for operation im- 
mersed in a conductive liquid, wherein the genera- 
tor hdudes a mode selection control and has power 
control circurtry tor automatically acflusling the radio 
15 frequency power suppled to the elecUode structure 
to Iknit the peak generator output voltage to a first 
value when the desiccation mode is selected and 
to at least one second value when the cutting or va- 
porisation mode is selected, the second value or 
20 values being higher than the first value. 

12. A system according to claim 11. wherein the first 
and second values are in the raiges of from 150V 
to 200V and from 250V to 600V respectively, the 
25 voltages bemg peak voltages. 

13 A method o( operating an electrosurgical system 
having at least a tfesue desk:cation mode and a tis- 
sue cutting or vaporisation mode, the system hav- 
30 ing a radk> frequency power generator coupled to 
an electrode assembV having an electrode for op- 
eration in a conductive liquid, wherein the method 
con^^rfees: 



selecttfig one ol the said modes; 
when the desiccaton mode is selected, auto- 
matcany adjusting the radio frequency power 
supplied to the electrode assembly to mamtain 
the conductive fquid ac^acent the electrode at 
Its boaing point for tissue desfccation wilhoul 
creating a vapour pocket surrounding the elec- 

^^•^ ^ .-^ 

when the cutting or vaporisation mode ts select- 
ed, automatfcatty ac^usting the radio frequency 
power supplied to the electrode to maint^ a 
vapour pocket surrounding the electrode. 

14 Amethodaccordingtoclaknia. wherein. hthecut- 
ting or vaporisatfon mode, the radto frequency pow- 
er supplied to the electrode m automatically Smfted 
to prevent overhealng ol tt>e elecUode. 

15 A method accorcfing to claim 14. wherein the racfio 
trec^ency power supplied to the electrode is auto- 
matfcaHy ac^usted by fimitk^g the output voltage ap- 
pKed to the electrode to predetermined first mi sec- 
ond voltage values, the first voltage value being 
used in the desiccation mode.^ the second volt- 
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age value, which is higher than the first voUage val- 
ue, being used in the cutting or vaporisation mode. 

16. A method according to ctatm 15. wherein the first 
and secoTK) voltage values are ^ the rar>ges of from 
1 50V to 200V and from 250V to GOOV respectively, 
the voltages being peak voltages. 

17, A method of operating an electrosur^cal system 
which has a generator coupled to an electrode as- 
sembly havirtg an electrode for operation in a con- 
ductive liquid, wherein the method comprises ap- 
plyirig radio frequerK:y power to the electrode, mon- 
itoring an electrical signal related to the load imped- 
ance presented to the generator, and reducing the 
applied power when the said si^tal reaches a pre- 
determined threshold value associated with an in- 
creased load tmpedar)ce. whereby only sufficient 
radio frequency power Is applied to the electrode to 
makitaffi the liquid adjacent the electrode at its boil- 
ing point for tissue desiccation without creating a 
vapour pocket surrounding the electrode. 



generator comprising a radio frequency output 
stage having at least a pair of etectrosurgk:al output 
connections for the deBvery of radk> f requer>cy pow- 
er to the instrument, means coupled to the output 

5 stage for supplying power to the output stage, and 
control circuitry including sensing means for deriv- 
rig a sensing signal representative of the radio fre- 
quency output voltage developed aaoss the output 
connectkxis and means responsive to the sensing 

10 signal for causir>g a reductkin in delivered output 
power tndeperKlently of supply voltage or in addition 
to supply voltage reductk)n when the sensing signal 
is indk3tive of a predetermined threshoki having 
t>een reached. 

IS 

24, A generator according to claim 23, wherein the 
means for causing a reductkxt in delivered output 
power is operable to cause at least a 50% reductk>n 
in delivered output power when the sensing signal 
\s indicative of the said threshoM having been 
reached, the sak) reductk)n being effected within a 
period of 20^s or less. 



18. A nrethod accordir>g to claim 17, wherein the mon- 
itored electrk:al sicpial is the peak output voltage ap- 
plied to the electrode. 

1 9. A method according to claim 1 7 or claim 1 8^ wherein 
the applied power is reduced by at least 50% within 
1 0O^s of the peak output voltage exceeding the pre- 
determined threshokl. 

20. A method according to any of claims 17 to 19. 
wherein the applied power is reduced by reducing 
the conductkxi perkxJ of a radk> frequency output 
power devtee of the ger>erator during irxiMdual ra- 
dk> frequency cycles. 

21. A method accordir^g to claim 20. further including 
reducing the supply voltage supplied to the output 
power <t&snca simultaneously with the said reduc- 
tion in the conductkm period, arxl then progressive- 
ly increastr>g the oortduction period at a rate whk^ 
is less than the rate at whkii the conduction perkxi 
is reduced. 

22. A metfiod according to daim 20. wherein the gen- 
erator has a swttched mode power supply and the 
supply voltage reductkxt is achieved by cfisabling 
the output of a supply current switching device of 
the power supply for a whole number n o( the power 
supply switching cycles, where n is greater than or 
equal to 1 . unti the said monftored electrk»l signal 
no ksnger reaches the predetenmtned threshoM val- 
ue. 

23. An electro5urgk:al generator for supplyir>g radio fre- 
quency power to an electrosurgical instrunieht. the 



25. A generator according to claim 24, wherein the re- 
25 sponse time of the control circuitry and the means 
coupled to the output stage to the radio frequer>cy 
output voltage reaching the predetermined thresh- 
okl is lOO.psor less. 

30 26. A generator according to any of claims 23 to 25. 
wherein the means for causing a reductnn in output 
power nnclude a first control line coupled to the radio 
frec^ency output stage for feeding a first power re- 
duction control si^^ to the saki stage. 

3S 

27. A generator according to claim 25 and clavn 26. 
wherein the output stage inckKles at least one radk> 
f rec^erK^y power devbe and wherein the control cir- 
cuitry is arranged such that the at least 50% reduc- 
tkxi in output power is effected by rec^tr>g the pe- 
rkxi of conduction of the devk:edurmg irxjividual cy- 
cles of racfio frequency osdSatkxi ir)deper>dently of 
the supply voltage to. the device. 

^ 28. A ger^erator accorcfing to claim 26 or claim 27. 
wherein the means for causing a reductkxi \n output 
power further include a second control line coupled 
to the power si^ly mear>s. the control ctrcurtry be- 
ing arranged such that a secor>d power reductktn 

^ signal is fed to the power supply means to effect a 
reductk)n in the average power supply voltage sup- 
plied to the output stage. 

29. A gerterator according to claim 27. wt>erein the 
^ means for causing a reduction in output power fur- 
ther include a second control line coupled to the 
power supply means, the control circuitry k>eing ar- 
fBnged such that a second power reduction signal 
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is fed to the power supply moans to effect a reduc- 
tion in the average power supply voltage supplied 
to the output stage, and wherein the power supply 
means comprises a switched mode power supply 
circuit with output smoothffig components, and 
wherein the supply circuit is arranged such that the 
second power reduction control signal has the effect 
of disabling the supply circuit. 

30. A generator according to claim 27. wherein the con- 
trol circuitry is operable repeatedly to effect a rapid 
reduction in the cycle by cycle conduction period of 
the pov#er device from a peak level to a Uough level 
followed by a less rapid progressive increase m the 
conduction period until the conduction period again 
reaches its peak level, the rapid reduction and pro- 
gressive increase sequence being repeated until 
the sakJ peak conductwn period level can be 
reached without the output voltage exceeding the 
sakJ predetermined threshokJ. 

31. A generatoraccordff>g to claim 30. wherek) the con- 
trol circuitry and the power supply means are ar- 
ranged such that the power supply circuit is enabled 
when the sakJ peak conductfon perkxJ has been 
maintained for a predetermined tirrw. 

32. A generator according to claim 31, wherein the con- 
trol circuitry arKi ttie power supply means , are ar- 
ranged such mat the power supply circuit is disa- 
bled until the end of a switched mode switching cy- 
cle in which the output voltage has not reached the 
saki predetermined threshoW for the whole of the 
switching cycle. 

33. A generator according to any of clakns 23 to 32. 
wherein the output stage has at least one radio fre- 
quency power swKching devfce and frequency se- 
lective components whteh in combinatwn with the 
switching devk^ are operable to produce an output 
voltage waveform having a crest factor less than or 
equal to 1.7. 

34. A generator accorcfing to any of claims 23 to 33. 
wherein the sensing signal is representative of a 
peak output voltage. 

35. A generator according to any of claims 23 to 34. 
wherein, at least in a desfccation mode of the gen- 
erator, the sad predetermined threshok! is hi the 
range of 150V to 200V peak and is set independ- 
ently of the supply voltage. 

36. A generator according to any of claims 23 to 35, 
wherein the control circuftry is arranged such that 
in a coagulatksn mode of the generator the output 
voltage is limited to a first saW predetermined volt- 
age mrcehpkl, and in a cut or tissue vaporisat»n 



mode of the generator the output voltage is Imited 
to a higher, second sakJ predetermined voltage 
threshokl 

5 37. A generator according to daim 36, wherein the out- 
put stage has a powwr/toad knpedance character- 
istk; whfch, for a constant average supply voltage, 
has a peak lying on the tow impedance skle of a line 
representative of the second predetermined volt- 
10 age threshokl 

38. A generator accord»ig to claim 37. wherein, in the 
cut or tissue vaporisatton mode, the sakJ generator 
power/toad impedance characleristk: lies between 

15 the \\ne representative of a the second predeter- 
mined voltage threshokl and a line representative 
of the first predetermined voltage threshold, and 
wherein in the coagulatfon mode the said charac- 
teristk: has a peak whfch lies on the tow impedance 
so skJe of the Ime represwitative of the sakJ first volt- 
age threshoto. 

39. A generator according to any of claims 23 to 38, 
wherein the sensing means are coupled between 

2S the sakJ output connections. 



40. A generator according to claim 39. wherein the 
sensing means include a transformer having a pri- 
mary winding coupled across one element of a po- 

30 tential divWer connected across the sakJ output 
connections. 

41. A generator according to any of claims 23 to 40, 
having an output stage operable contnuously h 

35 open toop configuratton. and having an output mo- 
pedance in the range ol from 50 ohmslo 250 ohms. 

and preferably between 130 and 190 ohms. 
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(54) An electrosurgical generator and system 

(57) An elecuosurgica! system includtfig an elecr 
trode assembly having two electrodes for use immersed 
in an electrically conductive fluid has a generator with 
control circuitry for rapidly reducing the delivered racfio 
frequency output power by at least 50% within apprcoc- 
tmately lOOps. correspontfiag to the time r>eeded for a 
few cycles of the peak radio frequency ou^>ut voltage to 
reach a pre determined threshoW limit In this way, tis- 
sue coagulatkx* can be performed in. for example, sa- 
t^e without significant stem ger^eralion. 

The same peak voltage limttation technique is used 



n a tissue vaporizatkxi or cutting mode to limit the size 
of the steam pocket at the electrodes and to avoid elec- 
trode burning. 

The output power reduction is abtained by 'on tfene 
control' (70) by producing a si^l synchronous with tfm 
RF oscillator, thereby reducing progresseively the 'con- 
ductk)n Slate* of thegate (80) which connects the power 
supply with the osciBator. Switch mode power supply 
(66) can itself vary fts output voltage as a funclkan of 
signal (66) from the controller (72), the speed ol varia- 
tton however win be much stowor than the one produced 
by "ON' lime control mechanism. 
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I UiCK OF UWITY OF INVENTION 

I 

The Search Division considers that the present European patent appficalion does not 
comply with the requirement of unity of invention and rotates to several inventions, 
namely: 



1. Claims 1-4: 

Generator sensing peak output voltage, with switching device to reduce power 

I 2. Claims 5-6.17-22: 

Generator sensing impedance and reducing duty cyde 

i 

3. Claims 7-10: 

Generator sensing peak output voltage to reduce conduction time 

4. Claims 11-12,13-16: 

Generator having two levels of output peak or output voltage as a functx>n of 
two operatk>nal modes 

5. Claims 23-41: 

Generator having reduction of power independently or in addttk)n to supply 
voltage reductx>n 
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